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Abstract
We review the present status of theoretical attempts to calculate the semileptonic
charm and bottom decays and then present a calculation of these decays in the light{
front frame at the kinematic point q
2
= 0. This allows us to evaluate the form factors
at the same value of q
2
, even though the allowed kinematic ranges for charm and
bottom decays are very dierent. Also, at this kinematic point the decay is given
in terms of only one form factor A
0
(0). For the ratio of the decay rates given by
the E653 collaboration we show that the determination of the ratio of the Cabibbo{
Kobayashi{Maskawa (CKM) matrix elements is consistent with that obtained from
the unitarity constraint. At present, though, the unitarity method still has greater






= 0 involves an extra form
factor coming from the photon contribution and so is not amenable to the same
kind of analysis, leaving only the decay B ! K

 as a possibility. As the mass





Semileptonic B- and D- meson decays constitute a subject of great interest in the
physics of electroweak interactions, as they may help determine the various CKM
mixing angles. In particular, the decays involving b ! c`
`
are eminently suitable
for the heavy quark eective theory (HQET) to determine [1] the CKM matrix V
cb
.
For exclusive decays to a nal state with a u or s quark, and for the D{meson
decays as a whole, it is less likely that the heavy quark symmetries apply. Since
the dynamical content of the corresponding amplitudes is contained in Lorentz-
invariant form factors, to know and understand form factors of hadronic currents is
very important for analyzing these decays.
However, few of these form factors have been measured experimentally, and
those that have been, are not known very precisely yet because of the smallness
of the branching ratios associated with them. On the other hand, the theoretical
calculations are hard to estimate because of the nonperturbative character of strong
interactions. Here, one may resort to a model, but that introduces uncertainties that
are inherent to the model itself. To overcome this diculty, at least to some degree,
many authors have studied, instead of the branching ratios of the semileptonic decays
of the particular heavy mesons, their ratios at some particular kinematical points,
usually at zero recoil.
For example, Sanda and Yamada [2] propose a strategy to get jV
ub
j by relating
the dierential decay width of the
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) using the SU(3){avor





























































































are the QCD corrected Wilson
coecients. The matrix element jV
ub
jmay be determined if the RHS can be obtained
by experiment and jV
ts











distributions vanish due to the phase
space suppression. This means that experimentally there should be no events at that
point and very few in the neighborhood, making it a very dicult measurement.
Dib and Vera [3] relate B !  `  to D !  `  also at the point of zero recoil,
using the heavy quark symmetry, to get a model independent result to leading order
in inverse powers of large masses. At the kinematical point of zero recoil, y = 1,































































(1) in the constituent quark
model at the tree-level in the HQET and also with the inclusion of short{distance
QCD corrections. Their numerical result for the ratio of form factors is between
1.09 and 1.18. The parameters that cause the largest uncertainty in the ratio are
m
c
and . Again, the rates vanish at y = 1 due to phase space. To determine the
LHS of (2) experimentally one should access the region nearby and extrapolate to
the point of y = 1.
Ligeti and Wise give a model-independent method [4] which is based on the













They claim that this double ratio is equal to unity in the SU(3) limit, and in the
limit of heavy quark symmetry so that a determination of jV
ub
j is possible using
information obtainable from the decay modes B ! `
`
, B ! K










. They use a pole model to get away from the zero{recoil point.












(y) is almost independent of y then a precise value for
jV
ub
j can be extracted from the rates for B ! K

 and B ! `
`
integrated over






(1). However, at the present time the rare





or and B ! K

, have not been observed, and there is no





In this paper, we concentrate on opposite end of the heavy meson decay kinematic
spectrum, namely, vanishing four-momentum transfer, q
2










and for the ratio of B !  ` 
`
to B ! K

 . This kinematic




= 0 corresponds to dierent values of y
in these cases and is not therefore a good point from the y, or heavy quark approach.
The motivation for choosing this kinematic point is that rst of all, there is a well
developed way in the light-front formalism [6] to deal with the point at q
2
= 0.
Secondly, the other calculations obtain results at the zero recoil point where it is
known that the experiments should nd no events so that extrapolations and pole
models have to be used. Thirdly, the decay widths at q
2
= 0 are given in terms of
only one form factor A
0
(0) (dened below). Finally, there is now a rst report of the
lattice calculation of the form factor A
0











important phenomenologically for the determination of jV
ub
j. They have determined


















where the range is due to systematic uncertainty and the quoted error is statistical.
2 Semileptonic D ! V `
`
Decays
We dene the form factors in the semileptonic decay of a D-meson D(cq) into a





































































































































In the limit of vanishing lepton mass, the dierential decay rate for D ! V `
`
decay
is determined by only one form factor A
0
:































































































































is often taken to have the value unity by SU(3){avor symmetry.
There have been many model{dependent studies of this ratio which we show in
the table. From the table, we see that theoretical predictions of the ratio of form-
factors fall in a range near 1, with one notable exception. This exception comes




that were calculated, rather than A
0
directly.
This shows the danger of using the indirect way to get A
0
, coming from the q
2
dependences of the form factors and also from possible correlations in treating the
errors. This has already been commented on [26] . We will use the light-front quark
model, which is suitable at the kinematic limit where q
2
= 0, to determine the same
ratio. This model was developed [6] a long time ago and there have been many
applications [8]-[14] where the details can be found.































) is the internal momentum. For P (and similarly for other


















To calculate the form factors, one reasonable and often used assumption for the
meson wave function (x;k
?




































(i = Q; q): (10)
The wave function (9) has been used in ref. [6], [8]-[10] and also in [12],[13] for
various applications of the light-front quark model.














Here N is the normalization constant and M
0
is the invariant mass of the quarks,








This wave function has been also applied for heavy mesons in [11] and [14].











































where M is the mass of the meson. As shown in [12], the wave functions (9) and













is the heavy H-meson decay constant and m
h
is the corresponding heavy
quark. However, the wave function (11) does not satisfy (14).








0:88, i.e., an SU(3)
F
{breaking eect at the level of about 10 %. This will reduce the
ratio of the decay rates by about 25% from the SU(3)
F
symmetry limit. This result
for the values of the form factors is not strongly dependent on the choice of wave
function. We have calculated the same form factors also with the wave function (11)
above and got a similar result. The fact that form factors do not depend on the
choice of wave function can also be seen by comparing our result with the one given
in the rst row of the table, which came from using the wave function (13).
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Using this and the values given in the last row of the Table for the form factors
of D !  and D ! K











j = 0:214  0:034 : (16)
which is consistent with the prediction derived from the values quoted in PDG [18],





j = 0:226  0:003 : (17)
3 Rare B ! K

  Decay
The main reason for studying the decay B ! K






`, where ` is a charged lepton, its dierential decay rate does not have
any singularity at q
2
= 0. In the standard model, B ! K

 decay is governed by
Z
0











, which dominates the decay rate [19]. This does not occur, of
course, in those calculations that stay away from the q
2
= 0 region. Moreover, the
decay B ! K






corrections are known to be small [20].
Contributions from the Z
0
penguin diagrams and box diagrams are sensitive
functions of the top quark mass m
t
. Thus, they contain an uncertainty due to the
dependence of m
t
on the choice of the renormalization scale . As stressed in ref.
[21], in order to reduce this uncertainty, it is necessary to calculate O(
s
) corrections
to these diagrams involving internal top quark exchanges. The resulting eective
Hamiltonian for B ! K











































































The dierential decay rate for B ! K







































































(0) = 0:4 [12]
and varying V
ts
in the range 0:030  jV
ts



















The dierential decay rate for B ! `
`





= 0, just as in the case of the D decays.
The ratio of B ! `
`







































































































(0) have already been calculated [12]








(0) = 0:75. That is, the SU(3)
F
breaking becomes larger as the













), was considered. In our notation, this
would correspond to the ratios of the form factors A
1
. They chose to write ev-
erything in terms of A
1
and ratios of the other form factors to A
1
. As men-
tioned above, they did not calculate at q
2
= 0, a kinematic point at which only
one form factor is needed. This double ratio should be equal to unity in the
limit of SU(3)
F

















) = 0:85, i.e., an SU(3)
F
{breaking eect at the
level of about 15 %. In ref. [4] an argument that the SU(3) symmetry violation
could be small in the ratios of the form factors and that a determination of jV
ub
j
with theoretical uncertainties of less than 10%. This may be the case for the region
of y considered. At q
2
= 0, however, in taking the square of the double ratios the
ratios are reduced from the symmetry limit value of unity to 72%.
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4 Conclusion
In this paper we have reviewed the present status of theoretical attempts to calculate
the semileptonic charm and bottom decays. We then presented a calculation of these
decays in the light{front frame at the kinematic point q
2
= 0. This allowed us to
evaluate the form factors at the same value of q
2
, even though the allowed kinematic
ranges for charm and bottom decays are very dierent. Also, at this kinematic point
the decay is given in terms of only one form factor A
0
(0). For the ratio of the decay
rates given by the E653 collaboration we show that the determination of the ratio
of the CKM matrix elements is consistent with that obtained from the unitarity
constraint. At present, though, the unitarity method still has greater accuracy. For






= 0 involves an extra form factor coming from
the photon contribution and so is not amenable to the same kind of analysis, leaving
only the decay B ! K

 as a possibility. This is not an easy mode to determine
experimentally.
The results obtained in our model for the form factor A
0
(0), for D decays, as
well as other models are collected in the Table. We see that theoretical predictions
of the ratio of form-factors fall in a range near 1, with one notable exception. This




that were calculated, rather
than A
0
directly. The comparison with QCD sum rules predictions [25] ,[27],[28]
shows a similar problem (the exception is ref. [26], where A
0
is directly calculated




are so large that they
obscure the real value of A
0
. This shows the danger of using the indirect way to
get A
0
, coming from the q
2
dependences of the form factors and also from possible
correlations in treating the errors.
It is interesting to note the predictions of [30] obtained in a framework based on
HQET and chiral symmetries. Although their values for the form factors for D! 
and D ! K

agree with the predictions of other models given in the table, the
result of B !  is larger than most of the others.
Finally, we note that as the mass of the decaying particle increases the SU(3)
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Table : The form factor A
0
(0) of D ! , D ! K

, B !  and B ! K

transitions.
Reference D !  D! K

D! =D ! K





0:67 0:73 0:92 0:28  
[22]
a
0:85 0:80 1:06 0:14  
[23]
a
  0:91(0:84)    0:37  
[24]
a
0:74 0:12      
[25]
b
0:57  0:40 0:45 0:30 1:27  1:23 0:79  0:80  
[26]
b;y
0:52  0:05 0:58 0:05 0:90  0:12 0:24  0:02  
[27]
b
      0:15  0:97  
[28]
b
      0:28  1:1  
[29]
c
0:74 0:59 1:25 0:24  
[30]
c;y
0:73  0:17 0:65 0:14 1:12  0:36 1:10  0:30  
[31]
c
  0:39 0:13      
[32]
d
0:76  0:25 0:72 0:17 1:06  0:43    
[33]
d;y
0:64  0:17 0:71 0:16 0:90  0:31    
[34]
d
  0:77 0:29    0:57 0:65  
[7]
d;y






  0:48 0:12      
[8]
f;y
  0:74      
[9]
f
        0:31
[10]
f
  0:72    
[11]
f
0:69 0:09 7:67 0:32  
[12]
f;y
      0:30 0:40
This Work
y
















(0) is directly calculated.
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